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OPHTHALMORQGICAL PROBLEMS' BN SPACE FLIGHTS

G.B. Bletti |
Directer, Eye Clinlc, Rome University

_ Thﬁ'impoptangé'nf §yé&¢ghﬁ has undepstandably aroused the - /91#
ghtltention of seientlsts, technleal people and pilots, ever
since the dawn of aviation.

Investligatlons of the behaVlor af the Qrgans concerned with
sight In relation to Flight thus began@very early and have con-
tlnued uninterrupted to the present day. The direction of this
research has undergone changes, in order to relate to the progress
of flight, atmospheric, stratospheriec, and in space.

, . At first, attention was paid especially to the #ffects of
hypoxia. Work done on man in flight and in the laboratery,
using a depression chamber or inhalation of oxygen-poor mixtures,
has shown that hypoxia has many effects on the sight apparatus.
These include changes in the senses, circulatory disturbances,
eye mobility dilisturbances (intrinisic and extrinsic), and
changes of the transparency of the media of the eye.

I shall not go into details of the results of these investi-
gations, on which I have in the past repeatedly reported, with
many personal contributions and contributions from my coworkers.
I shall only remark that hypoxia causes mainly a lowering of
the retina's sensitivity, especlally in regard te physialoglcal
scotomatous formatlons present in the nermal person, and a
lowering of light sensitivity, noticeable alresdy at moderate
gltitudes. Thls Is difoPEntiatéd from the central Viﬁual aculty
and color gaﬂgiﬁgy§35 which are inyxMQderatﬁly~influenced by /92 .
hypoxia. | ' |

T
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Clrc@latqry ¢hanges due to hyPOXLa reflect those of the
_general c;rculation, although_they have some specific aspects,
such. as the sllght increase i ocular tonus, the purplish look
of retinal arterles, the changes In the endo-ophthalmoescopic
plcture, the Increase of permeabllity of the hemo-ophthalmic
barrier, the Increase of pressure in the carotid circulation,
and of the'ophthalmic Leirculation] in most cases.

Changes of the Intrinsic and extrinsic eye muscitllature are
egpectally Important. Besides Spécirie disturbances of the
puptil and of accommodation.Cincreased distance of the punctum
proximum), disturbances of mﬁseﬁlar balance musH be emphasized.
There 1s a tendency toward exophOria for distant vision and
esopheria for near visloen, the'appearance of vertical imbakances,
decrease of fuslon 9epeb;lityuand amplitude, disturbances of
coordinated eye mevements, as Iin reading.

Changes @&n transparency due to hypoxia are mainly due to
temporary clouding of the crystalline lens, which, however, is
enly of experimental value.

T also wish to emphasize the fact that pre-existing occular
changes may suffer serious worsening through oxygen deficiency.

Besides hypoexla, also barometric depression in fast ascents
to great hefghts has been studied; this can lead, through the
development of small nifrogen Qubbles in the bloed, to gas
embolism of the eye, with the appearance of scotomata. In
- exp l@,s_lve decompression, which mostly Geeurs in flight accidents,
the eyeball, peculia?ly¢.iﬁ'cfteﬂ-épaved, perhaps due to the
remarkable stability of aculaw tension. Orbital hemorrhages
witil exeophthalmos: are-," newever, observed. |

Since the tlme when hlghsflight SPeeds were Pirst attalned,
the Impoertance of acceleratlen has been noted. These effects




are Qf in@?@%&ing‘interést,lqsfthe.Speéd$=inerease,_contrary
to what hﬁppen3~ui$n5hypoxia,,whOse practical significande has
gfeaﬁiywdecréaﬁed with the use of oxygen Inhalators and of
pressurized calbins.

Hcceleratlon caﬁs§s¥Very'péculiar manifestations in the
eye. The retinal circulation is affected by the displacement
of the body's bleod mass In the direction of the inertial /93
reactbon.

In the so-called head-feet (or +G,l acceleration; a gradual
blackout takes place. This was already known to the pilots of
the 1927 Schneider Cup; 1t takes place while the subject is
'st11ll fully conscious; he becomes unconscious only later, if the
acceleration persists or increases.

The priority of the eye disturbances (which take place even
at accelerations from Y4 to 6 g) relative to cersbral disturbances
is due to the earlier ischemia of the retinal vessels, which
are already partially compressed by the existing tonus of the
eye, whence their collapse before that of cerebral vessels.

With negative acceleration, feet-head (or -G,), the so-
called "red vision" is experienced, due to retinal and blood
‘repletion.

It Is unnecessary te emphasize that, with the Increase of
speed, changes iIn diraction cause even larger acceleration
forces: as an example, 1t should be remembered that when an
atreraft flying at 850 Im/hour (normal speed for jets) makes a
turn with 3 radius of 1000 m, this causes an acceleration of
aboutfﬁjg, capahle‘Qf making the welght of our blood maSS only
slightly leS$rthan,tbax of melted Iron. . Thia acceleration is
thus Incompatible with censcl@usness when It 1s exerted in the
' fqz‘dlrectton.



Stﬁ&@ahn%linaZaccelevatﬁ@nﬁg'dué,to.sudden variations in
Speéd‘ef the alreraft (as occurs in catapulting and braking of
airpﬁaftton the deck of an aircraft carrier) are not considered
Very-impartant due te their short duration. It has recently
been found that the distant vislon is involved, and that the
threshold of visual perceptlen is lowered three- or fourfold
at 3-5 G; the peripheral acuity i1s affected more than central
acuity, and the effects are additive for repeated accelerations.
The experiences of Col@nél Stapp, however, have shown that very
high straight-line accélératien fopdes (over 35 g) are relatively
well tolerated, although they cause exophthalmes, ecchymosas
on the eyelids,and 'orbital hemorrhages and considerable, although
temporary, visual troubles. One retinal detachment occurred
at =45 G.

At supersonic speeds, that 1s at speeds above 1200 km/hour /94
at normal temperature (many military jet planes fly faster than

this, as:ddo space vehicles)}, the problem becomes more serious.
At 2000 km/hour, the turning radius must be larger than 8000 m,
in order not to cause intolerable gravities.

But supersonic speeds involve other problems also, especially
when flying through the sound barrier. This is the range between
Mach 0.85 and 1.2 (4s is known, Mach's wall is the speed of
sound, which varles in direct proportion with the absolute
temperature; In alr, thls speed is 1227 km/hour at a temperature
of +15°C]). |

During the pagsage through this transonitc speed range,
shock waves, due Lo yapld alr compression, are observed. As is
Known, Zones of d;aconﬁinuity of alr denslty eccur in these
wayves; they cause Insfability ang turbilence which strongly
shake the a;rcraft._ At speeds faster than that of sound, no
moré difficulities are encountered.  This air turbulence has



somé:efﬁept'qn Vi@i@n,‘becaﬁsé it“causésrvisual abéfrations;
alr does in fact'hﬁﬁQmeAoptically‘moreﬁdense;;and the wave
causeé%a devlation of 1ight rays and thus an apparent displice-
ment of eobjects. Pillots thﬁs observe undulat fon phenomena when
going throeugh the seund barrier,

A fﬁrthev difficﬁlty s met by subjects in an aircraft
flying at a very high speed. The visual perception may be
slower than thé occurrénce'of phenomena that the individual
must evaluate. In athér'words, théu“clpck“ of visual perception
is slowed down by a few secorids rélative to events taking pliace
(Strughold). 1In fact, it takes a certain time (a fraction of a
second} for an Image formed on the retina to go through the
optical pathways, reach'thé cortical visual centers and be
worked out, that 1s, perceived. If impulses for ahgdéertain
movement must come from this perception, further time will be
needed for these Impulses to go through the nerves and put into
motion the muscles needed to accomplish a certain action. This
means that if twe aircraft fly at supersonic speed and are in
sight of each other (e.g. at 2 km), they will collide before
ohe pllot notlces the presence of the other aireraft. If the
pilot survives, he will have the perception of the other aircraft /95
after the collision. This makes prattically impossible aombat
between Jet planes based on identification without instruments.
An aircraft at a distance of 6 km is at the limit of visibillity.
If twe pllots fly toward each other at a speed of 3 Mach, each
will have only 3 seconds %o ldentify the enemy plane and locate
it before coming inte centact mith\at.

Rélativa\tq the psychomotor §én§qrial resetion time, this
1s teo short a ﬁima thallqmvuﬁaful-combatractiyity_

High. speeds ;nvulve 3, reduct;on of the zone in wh;ch,an
object can be percelved In such a way as te elicit a motor



responsE'uithin a u&eful tﬁmé“ "This Is a reduction of the size

P?&Gtically mere tubular. Due to th;s phenomenon, the visual
aculty decreases rapldly from the center to the periphery of
the visual fileld.

Even ebservation of thé.ground 1s very d4ifficult at high
speeds, and phenomena are observed due to which at first the
dimensions decrease, and later objects become larger.

T should like te recall that w¥ibrations also have an
effect on vilsual perceptien; certain critical frequencies in

particular cause a sizeable decrease in visual ability due to
resonance phenomena that they cause iIn the eyeball. Sonic and
ultrasonic vibrations Cespe01ally gonic ones) may interfere
with the visual abllity of the subject.

Also in space flights (Geminl V), vibrations took place
that prevented the crew, although for a short and noheritiecal
time, from reading the instruments.

Ultrasonic vibrations may also cause changes in the trans-
parency of optical media, and thusna decrease #fi eyesight.

I shall not mention the importance of ailr drafts and of
outside temperaturesficaused by fast flight, since these dis-
turbances are practically eliminsted by availlable means of
technical protectilon. In any case, low temperatures and
violent wind cause yery serious eye lesions, relatively more
important than these occurring on the skin, |

It should also be pointed out that at high altltudes the /96
harmful: effect of golar radiation on the eye increases con-
siderably. The three types of radiatlon (¥isihle, ultravielet .



and iInfrared] are all capable of serlously damaglng the eye.
Visible and Infrared solar radlatlon can cause,. besides
dazzling and‘eye'fatigue;.actﬁal burns=ofl thé‘retina when the
pilot must observe the sun to determine his position.

Dazzling has-bécomé 3, spécial problem in stratospheric
flights. AL high altitude, the sky becomes less luminous, while
the reflectlon ef the underlylng clouds causes the zone under the
atreraft to become brighter. In rapid ascents, this leads
(Whiteside) to an abrupt'invérsion of the light conditiens in
the pilotts cabin, relative to the canditlons at low altitude,
and thus to a different state of adaptation te the light of the
lower and higher portions of the retina. This state of adap-
tatlon is thus Inverted at high altitudes, relative to the one
prevalent at low altitudés-or oIt thé ground. A change in
visual perception of iIinstruments results from this: the instruments
appear to be covered by a veil. This phenomenon is made more
serious by the great contrast between inside and outside illumina-~
tlon, and by the longer persistence of secondary retinal images
of lighted clouds. This persistence is explained by lowdkeVelsis
of hypoxia, which take place 1n splte of the use of oxygen when
high altitudes are reached (hypoxia corresponding, e.g. to an
altitude of aover 3000 m -- when the aireraft is actually at
13,3800 m).

Night flight has opened further problems, different for
military and ¢lyll aviation, which range from the improvement of
retinal adaptatlon abil;ty‘to techniques of paramacular obser-
vatiion (In epder to explodt the higher light sensitivity ¢f
the rodsl to systems'f@r lighting the cabln contalning the
flight instruments (In erder not to affect the adaptatien
reached in semidarknessl. |



Contrary teo vlglihle and Infrared radiation (which need
special defenses], ultravielet radiationsis of less importance
In opdina@y:flﬁghtibécause it is absorbed by the usual means of
protection (cabin reef, glass). If It Is not absorbed, it -
causes irritation of the outer parts of the eye.

This faet must, hﬂWéVér, bé kept in mind, since now there
Is a tendency te use plexiglas instead of glass for cabin pro-
tectlon. Plékigl&s—is-transparent to ultraviolet radiation,
while glass 1s not. The h&rmful‘éfﬁédts of ififrared radiation
(heat radiation) on the éye incréase'withjaltitude; they can
even cause a cataract. As I’méntionéd above, burns of the
retina seem to be caused by infrared ﬁadiatibn, rather than by
visible radiation.

Space flight poses the problem of lonlzing radiation which
In space has higher density and energy, due to lack of the pro-

tection of the Earth's atmosphere. In the ophthalmological
field, the followling should he feared: formation of cataracts,
bleaching of eyelashes and eyebrows (poliosis) due to enzymatic
changes caused by cosmic particles in the cellular organs
(capsular epithelium, melanophores of the hair bulb).

Later we shall return in more detail to the ophthalmological

problems of space flight and of extraterrestrial life.

The expression “empty visual field" deslgnates (Whiteside)
a space In which there are no objects capable of stlmulatlng
the Pocuslng of the eye and tha accommodatlon activity. This
happens- in the dark, when one s surrounded Ry a dense and
uniform fog. o facing a blue, cloudless sky or a completely
evercast sky.




Contrary to what Qne:mightrheliéve3;under these conditions
a CquIEEQ'ﬁal&iatiQﬁ.Qf gecommodatlon wlth the eye at rest
focused at infiniﬁyfdoé&~not'occar; there is instead some .
accommodation aetivity, varyiﬁg between 0.5 and 2_di0pters,
whrch causéswa myoplc staté. As a result, the eye becomes
focused at 1 or 2 meters, and It ls Impossible to see distant
objects and te focus at Infinity. This explalns why, in the
stratosphere, évén in a sky-where'Several alreraft cross each
other, the pilot‘aéldem séés-them. The accurate work of White-
side has indicated that, In order tao be perceived in an empty
visual field, an object must havefa'ﬁizé approximately double
that permitting it to bé séen by an eye adapted to infinity.
In other words, at high_altitudés an aircraft may be identified
by another one only when 1t Is at a distance one-half that per-
mitting it to be SEeh at low altitude. Thus at high altitudes,
the observation of other aircraft is easier for a hypermetropidd ggg
sublect, or for a subject who has lost his accommodatlon power
(preshyopic). The empty visual field alsecccauses a diffdeculty
in the evaluation of distances, dimensicns and the speed of
objects. -

There 1s also a whole series of visual problems connected

with space flight and with the life of man in an extraterrestrial

environment, besldes those already mentioned (e.g. effects of

ionizing radiation on the eye).

T must emphaslze that, In spite of the perfectlon achieved
by all the aspects of flight, thanks te more and more efficiént
and cemplicated Instruments, mants activity, based on visual
Jjudgments, will always tbe an essential factor in any type of
migsion, even extraterrestrigl,

Recently the yiew has been brought Forward that the |
visual thresheld may be lowered by the absence of gravity, and



that 1t 1s passibile for the astronaut to,sée'bDJEcts.on.Earth
Sorsmall_aaate-ﬁunﬁend an arc smaller than the minimum visible,
even after a lang stay In a space vehlcle. It 1s, however,
posslble thatlan increased sharpness In the perception of
certain details fsimilar to the view supported at the time of
the first balloen ascents), observed by some astroenauts
regarding the Earth (and for which there is an analogy in the
behavior of photographic Images], may be due only to the apparent
effect of atmospherilc conditiens at differents; altitudes, for
Instance to turbulence with dust particles and heterogeneous
small bubbles In the atmosphere at stratospheric altitudes;
these conditions would not be present at higher altitudes.

The view could be entertained that the visual threshold is
actually even lower than what Is generally believed, when
certain obstacles such as those mentionéd above are absent.

Experiments carried out during the orbital flight of
Gemini V and VIE have, however, not succeeded in showing modi-
ficatlons of visual aculty 1in space flight. In the astronauts
of Voshked 2, the visual effilclency was actually decreased by
20-25%; this was attributed to lack of coordination of eye
movements due to the absence of weight. An examination of the
oculo-motor activity of Soviet cosmonauts during orbital flight
has seotualdy.ishownaosemhecminaridisturbances only in some cases
(agymmetry of cculo-motor reactiens and nystigmoid movements),
mostly of a temporary nature.

Deylatlonsikn the coley vision were also observed, especially /99
for purple, blue and green; the disturbance was very minor for red.

Samé'péqple‘(Suchna&*tha'pilotSfof”Voshkod II;.V,,VIl have

aliwe percelved optiesl tlluslen phenomsna durlng orbital flight,
such as apparent moyements of the dashboard, which others in
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the same condifions did not mnotice. Indlvidual factors are
certainly\df cqnéidenable $ignificance; as 1g shown by the
differentfan;lityraf different subjects to accomplish, during
space“flight; the'"visual egocentric locglization of the horizon-
tal"; one'subjéct gavé'correct'answers durling all the orbits of
GemIni V, and the other subjects made a mistake of over +30°
(approximatelyl,‘relatlve to the absolute horizontal of his
environment.

The absence of welght, on the othér hand, independentiof
altitude, would permit the'éye ta‘bétﬁer discriminate differ-
ences of light levels, éspecially In lew light. This has been
attributed either to lack sf frictten, which would allow the
eye muscles to effect‘déviation corrections better, or to
effects on the inner ear which would facilitate bhysiological
nystagmus.

Accelerations, on the other hand, have no particular
effects on vision during space flights. This is not so for
vibratiocns, as we have already mentioned.

The problems relating to idlumination in space flight and
in extraterrestrial life are of considerible importance.

The absence of diffuse lllumination outside the atmosphere,
and the formatlon of very dark and sharplyidefined shadows, when
cefttaln objects ape expesed te almost collimated solar fays,
has led to the cbservatlon that some threevdamenSLQnal solid
objects,wsuch ag a cube or a pyramid, are percleved as being
tWOvdimenlen@l, L.e., & square o¥ g &R tlangle, respectively.

The estlmatiqn of dimens;ona~and Qf distances s also
subJect to. larger variations under space illuminatioen (larger
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according fo some, smaller according t@ others) than under
diffuse ;lluml&atlcn, elther in the same subject, or in dif-
ferent sutjects. This 1s particularly important when Qbjects

of a type not Ffamlllar to the gstronaut are observed, especilally
In the absence of known reference elements, which in this case
could enly bé provided by another space vehicle.

The problém of illﬁminabion and of shadous acquires par—
tioular impertancé when the astronaut must go out of his space /100
vehicle to pérform certain tasks eor missleons, such as hooking
up of anothér Vehiclé; transfer te the other vehicle, repairs,
etc. Special lighting é@uipmentican be used here, portable or
not, provided by the space craft, éspecially for shadowy areas.
The choice of an appropriaté "lengthéning" area requires fully
effieclent visual ability, adequaté Tor this specilal task.

Passing from strongly lit areas to completely dark areas;
and vice wversa, understandably alsc creates diffdciilties of
retinal adaptation.

Special protectfion with suitable filters is also required
against the damaging effects on fhe retina deriwing from looking
at the sun in the absence of atmosphere, or also through its
accldental presence in the visual fleld, wlth strong blinding
effects.

Phetoreactive fllters with optical dengity Instantly
variable as a functlon of the intensity of the light reaching
the eye have heen studled.

Thﬁ cosmenauts landing. on the lunar surface will also find
"daytime" Mluminaton 20Z stronger than om Farth, containing
_twlcehas muth@ltEQVlQlet radiaton. Hence come the main effects
of aaZZIing,‘ea@eciﬁlly*when faCipg‘Sﬁ?ougly~refleCtivéfsurfacés,
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with the disturbance of intraretinal Irradiation (which may,
among otherhthingaa‘cduSe the dimensions of an ebject to be. .
eValuaﬁed as larger than they actually are) and of greater
dam&ge'hy=ult?avinét radlaton; adequaté.protection is par-
ticularly-néedéd for thésé conditions.

On the other hand, "nighttime" illumination on the lunar
ground (the "earthlight™] in the portion facing the Earth is
about 60-80 times stronger than “moonlight" {abhout 16 lux,
Instead of 01207); this-illumination'mékes readingypossible
and easy.

Alsc, the very dense shadows projected by the body of the
astronaut on the Moen, or by-his-equipmént, will cause diffd-
culties in characterizing instrﬁments or objects. It appears
that there may be an increase up .te 50% in the time needed to
carry out Identificatlon tasks under these conditdons.

Finally, I should like to remark that the disturbance of
"lunar dust™ carried by the astronauts on their return into the
cockpit of Apollo XII after landing on the Moon (the cockpit was
invaded by it on the re-entry voyage) raises the problem of /101
troublesome effects on eye-protection devices, and on the outer
parts of the eye itself.

- The space availahle has allowed me te do only a concise
review of the main ophthalmelogical preblems met in the fleld of
avlation and space medicineg.hut I hope that the reader has
reallized that yisien problems have a preminent place in all the
aspects of flight.. This\is-fully~c®nﬁ®&med‘byithﬁ'§tudies on
yigual functlon Wﬁi@ﬁ;have.aecampaniéd@.and still -gne accompany-
ing, the programuing and carrying out of space flights.
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